While it is generally possible to install curved panels manufactured in a factory within the permitted error range on an irregular surface frame of concrete or steel, it is difficult and expensive. Freeform architecture is thus designed and constructed differently from formal buildings. In order to more easily and inexpensively actualize freeform architecture, Building Information Modeling (hereinafter referred to as BIM) has recently been applied in the construction industry. However, the related research and case analyses are not sufficient to identify the implications and contributions of freeform buildings in future similar projects. Therefore, this research will study design and construction methods for freeform surfaces, particular the concrete surface frame of freeform buildings based on BIM, focused on the Tri-Bowl project. This study attempts to analyze the pros and cons of each method for the concrete surface frame of the Tri-Bowl, and then presents the lessons learned and implications related to the design and construction process of the freeform architecture. Several implications for design and construction of concrete surface frame of the freeform building, the Tri-Bowl, are found. The first is that manufacturing and installation of a curved concrete frame is precisely performed based on the exact numerical values of materials and installation made using BIM 3D technologies, such as CATIA and Rhino. The second is that close and continuous collaboration among the different participants in the construction of the Tri-Bowl allowed them to cope with virtual conditions. The third is that design and construction processes have changed, and high quality of the surface frame of a freeform building is required.
Introduction
Roof and exterior wall are designed and constructed in a manner that prevents the accumulation of water within the wall and roof assembly in the formal building. However, in a freeform building there is no clear distinction between exterior wall and roof. In other words, 
Previous research
Previous research related to BIM and freeform design and construction can be summarized as follows. Kim et al. [3] focused on how to use parametric technology in architectural design, and how to test the fabrication possibilities of freeform structures.
Park et al. [4] it very difficult to achieve the desired shapes and obtain a satisfactory paneling solution for sufficiently complex geometries [7] .
Most previous work on the paneling problem deals with planar panels. Initial research in this direction dealt with special surface classes [8] .
Covering general freeform surfaces with planar quad panels could be approached with methods of discrete differential geometry, and lead to new ways of supporting beam layout and the related computation of multi-layer structures [9] . More recently, this approach was extended to the covering of freeform surfaces by single-curved panels arranged along surface strips [10] . Buswell et al. [11] explored the issues surrounding design, data and process in terms of the impact of rapid manufacturing on the design and production of construction components. Guzik [1] considered the use of a particular digital fabrication method and studied the design-production relation and manufacturing parameters that can be integrated into the design process to facilitate The Tri-Bowl construction proceeded as follows.
The surface was first segmented into more than 2,000 cells according to the architectural design.
Structural analysis and design was then performed
by calculating structural load of the segments and determining the structural system, concrete shell thickness, and bar size and arrangement according to the load. 3D modeling, which can be used to pre-build or virtually construct the structure, is also done in order to guarantee the constructability and the quality of the construction. In addition, post-tensioning is applied to compensate for the lack of steel for tension due to the thinness of the surface structure. Mechanical design is also made based on the architectural design, and then the mechanical modeling The shop drawings should thus be precisely determined before making the surface frame. In other words, the freeform surface frame should be maintained with exact numeric value and good quality of curving shapes. As a result, the freeform concrete frame of the Tri-Bowl is exactly constructed using the CNC section form method after all methods are considered and mocked up using numerical values on the exact installation coordinates on-site.
Conclusions
We studied BIM based design and considerations for freeform building. This paper describes the pros and cons related to mock-ups for freeform concrete surface frame, temporary work, concrete work and concrete finishes of freeform building. Most of all, for the freeform building it is important to have close collaboration among different participants, such as architect, structure engineer, MEP engineer, manufacturer, and contractor. Well-structured collaboration allows virtual conditions to be coped with as the Tri-Bowl is constructed.
